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Climate  change  and  its impact  on  agricultural  production  is  being  debated  in  economic  literature  in
context  of different  regions.  The  geographical  location  of Pakistan  is  assumed  to be vulnerable  to cli-
mate  change.  Concentration  of  greenhouse  gases  (GHGs)  like  carbon  dioxide,  methane  and  nitrous  oxide
through  human  activities  has  altered  the composition  of climate.  These  gases  have  increased  temper-
ature  on  earth  by  trapping  sun  light.  This  higher  temperature  in  tropical  regions  may  negatively  affect
the  growth  process  and  productivity  of  wheat.  This  study  aims  to look  at the  impact  of  climate  change
on wheat  production  in Pakistan.  The  study  uses  Autoregressive  Distributed  Lag  (ARDL)  model  to eval-
uate  the impact  of global  climate  change  on the  production  of  wheat  in  Pakistan.  The study  considersRDL model annual  data  from  1960  to 2009.  On  the  basis  of  this  historical  data  the  study  tries  to  capture  the  impact
of  climate  change  on  wheat  production  up to now.  The  results  of estimation  reveal  that  global  climate
change  doesn’t  inﬂuence  the  wheat  production  in  Pakistan.  However,  on  the  basis  of  the  results  some
appropriate  adaptative  measures  are  proposed  to  confront  any  adverse  shock  to  wheat  production  in
Pakistan.
 Roya© 2013
. Introduction
Anthropogenic activities are escalating the concentration of
reenhouse gases during mass production. These GHGs are pen-
trating in global climate and have caused to evolve the problem of
limate change. The effects of climate change may  be positive, neu-
ral or negative as per geographical location of each region. Being a
lobal issue colossal research work has been done on the developed
ountries. However, attention was also paid on the tropical and sub-
ropical developing countries after realizing severe consequence of
he enriched carbon atmosphere in these countries.
Article 1 of United Nation Framework Convention on Climate
hange (UNFCCC) deﬁnes climate change as; “a change of climate
hich is attributed directly or indirectly to human activity that
lters the composition of the global atmosphere and which is in
ddition to natural climate variability observed over comparable
ime periods.” Climate change phenomenon is an externality. This
xternality is mainly caused by economic activities like land use,
eforestation, fossil fuels etc. [1]. These economic activities are
ltering the composition of GHGs in atmosphere. Important GHGs
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are carbon dioxide (CO2), nitrous oxide (N2O), methane (CH4) and
water vapors. Higher concentration of GHGs is originating the prob-
lem of global warming [2].
There are two major reasons for this high concentration of GHGs.
First, big economies accelerate the pace of growth by exploiting
natural resources for increasing their export share in international
market. Second, United Nations Framework Convention on Climate
Change (UNFCCC) lacks strictly enforceable climate related policies.
Because of these reasons the concentration of CO2, which is the
main constituent particle of GHGs, has increased from 280 ppm to
380 ppm since the industrial revolution.
The concentration of CO2 is mainly caused by developed
countries through various production and consumption activities.
However, the impact of climate change (through frequent ﬂoods,
droughts, temperature hike, change in rainfall pattern, etc.) is
mainly faced by developing countries, which are mostly located
in tropical regions and relying heavily on agriculture sector. [1].
Almost all the sectors are susceptible to climate change but
agriculture on the most [3]. Climate change will encounter the
agriculture productivity through a number of ways like change in
rainfall pattern, sowing and harvesting dates, temperature hike,
water availability and evapotranspiration1 [4].
1 Evapotranspiration is the sum of evaporation and plant transpiration from the
Earth’s land surface to atmosphere.
es. Published by Elsevier B.V. All rights reserved.
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Cig. 1. Wheat Production and Area under Wheat Production in Pakistan. 1960-2010.
ource: Economic Survey of Pakistan.
Wheat is amongst C3 crops2 category. Higher concentra-
ion of CO2 increases photosynthesis process and suppresses
ranspiration3 in C3 crops. Both of the factors cause to accelerate the
rowth of wheat plant. However, increase in temperature offsets
he CO2 beneﬁcial effect [2,5].
Pakistan being a part of South-Asia is very susceptible to calami-
ies presumably caused by the climate change. For the last few
ecades extensive and frequent disasters have shuddered almost
ll the sectors specially agriculture sector [6]. Wheat is the main
ood staple of this region. In Pakistan during 1960 wheat produc-
ion was 3.91 million tons whereas area under wheat production
as 4.88 million hectares. But after ﬁve decades the wheat pro-
uction is about 23.86 million tons whereas corresponding area is
bout 9.041 million hectares. The growth is very much related with
he inception of green revolution during 2nd and 3rd Five Year Plan
1960-70). Technology, new breed of seeds, fertilizers, expansion in
rrigation and other agricultural policies have played their positive
ole. Beside these factors area is also increased during this period
reating signiﬁcant positive impact on wheat production. Figure 1
hows the historical trend of production and area under cultivation
f wheat.
Research relating to climate issues in Pakistan is limited. A sim-
lation study made by [7] used General Circulation Model (GCM)
o check the impact of future CO2 saturated atmosphere on wheat
roduction in Pakistan. According to them in future wheat produc-
ivity would signiﬁcantly decline in almost all the wheat growing
reas.
Most of the studies used agronomic models, e.g. CERES-Wheat,
-CAM, EPIC etc. It is difﬁcult to apply these models in our case
ecause agronomic models use farm-level data (quality of soil,
utrition, water, daily minimum/maximum temperatures, rainfall,
tc.) which is not available at national level. Beside agronomic mod-
ls Computable General Equilibrium model (CGE) is also used in some
tudies but the model for Pakistan has not been updated for last
ecade. Therefore, applying the old structure of CGE model would
enerate spurious results which can ultimately mislead the facts.
herefore, our study considered econometric approach for the pro-
ection of impact of different variables on wheat production.The objective of our study is to check the impact of climate
elated variables, namely CO2, precipitation, temperature and
ater, on wheat production in Pakistan. Besides this our objective
2 In the 2nd stage of photosynthesis process dark reaction occurs in stroma of
lastid. It has been named as C3 because during carbon ﬁxation 3 carbon molecules
re produced. Plants having this reaction during photosynthesis process are called
3  plants (Raven and Edwards, 2001) [8].
3 Transpiration is loss of water by plant during exchange of gases.al of Life Sciences 68 (2014) 13– 19
is also to investigate the impact of a set of explanatory variables on
wheat production by using historical data.
Section 2 of our study pertains to data description and method-
ology. Section 3 contains estimations, results and interpretation.
Section 4 presents concluding remarks and adaptation strategies.
2. Data Description and Methodology
2.1. Data Description
We  used nine different variables for our study. Dependent vari-
able is wheat production in thousand ton kilogram. As independent
variables we used a number of climatic variables, i.e. emission of
carbon dioxide for Pakistan expressed in thousand metric tons,
average temperature in Celsius degree centigrade, average precip-
itation measured in millimeter and water measured in million acre
feet (MAF). Beside these climatic variables we considered other
explanatory variables including area under wheat production mea-
sured in thousand hectares, agriculture credit measured in billion
rupees, fertilizers offtake in thousand nutrient tons and technol-
ogy (tractors, thresher and tube wells) in numbers. Data for annual
wheat production, area under wheat cultivation, water availability,
agriculture credit, fertilizers offtake and technology are taken from
different editions of Economic Survey of Pakistan [9]. Carbon diox-
ide emission data is acquired from the website of Carbon Dioxide
Information Analysis Center [10]. Temperature and precipitation
data are taken from Pakistan Meteorological Department.
2.2. Methodology
We  used Autoregressive Distributed Lag (ARDL) model also
known as bound testing cointegration technique originally devel-
oped by Pesaran et al. [11]. There are reasons behind using this
technique. Some of the variables in our study are stationary at level
whereas, some of them are integrated of order 1. So in this case
ARDL model is a better econometric technique as compared to other
econometric techniques. Beside this as our objective is to check the
impact of different variables on a single dependent variable (wheat
production) in short-run as well as in long-run so this technique
becomes more suitable than others.
ARDL is suitable for small data sample [12]. It generates the short
run and long run coefﬁcient simultaneously and follows OLS pro-
cedure for cointegration among variables. ARDL provide ﬂexibility
regarding the order of integration of the variables. This technique
does not require the pre-testing of the variables integrated in the
model for unit roots unlike other methodologies like the Johansen
cointegration technique. It is appropriate irrespective of whether
the regressors in the model are purely I(0), purely I(1) or mutu-
ally cointegrated [13]. However, this technique collapses in the
presence of any variable of second order difference.
General form of ARDL model with n lags for variable Y and m lag
for variable X is as follow:
Yt = ˛o +
∑n
i=1
˛iYt−i +
∑m
i=0
ˇiXt−i + Ut (1)
Whereas, the general form of ARDL error correction model is as
follows:
Yt = ˛o +
∑
ˇjYt−i +
∑
ˇjXt−j + ECMt−1 + εt (2)
In the above equation  shows the speed of adjustment param-
eter and for signiﬁcant ECM model  must be negative. Error
Correction Term speciﬁes that any divergence from the long-run
equilibrium between variables is corrected in each period and how
much time it will take to come again to the long-run equilibrium
position. ECMt-1 is the residuals that are acquired from the esti-
mated cointegration model.
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Table  1
Unit Root Test.
ADF test statistics PP test statistics
Variables Levels 1st Differences Levels 1st Differences 5% Level of Signiﬁcance 10% Level of Signiﬁcance
LnArea -1.250507 -11.90007* -1.007293 -20.26158* I(1) I(1)
LnAgr. Credit -0.161646 -5.435241* -0.213200 -5.460654* I(1) I(1)
LnCO2 1.405041 -4.903619* 1.405041 -7.434342* I(1) I(1)
LnFertilizer 1.015808 -7.194808* 2.311983 -7.373736* I(1) I(1)
LnPrecipitation -2.65204** -14.01685* -5.649812 -15.09729* I(1) I(0)
LnTechnology 0.988138 -7.038518* 1.410809 -7.038518* I(1) I(1)
LnTemperature -0.911447 -9.745926* -3.32828** -13.00892* I(1) I(0)
LnWater -0.026193 -10.06023* -0.036929 -10.41614* I(1) I(1)
L Wheat 0.634517 -7.833288* 1.646709 -20.42502* I(1) I(1)
*
*
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rated Augmented Dickey Fuller (ADF) and Phillips Perron (PP) unit
root tests. The results of both the tests are reﬂected in Table 1.
The results in table-1 reveal that none of the variable of our study
is integrated of order 2. The results demonstrate that precipitationn
Signiﬁcance at 5% level
*Signiﬁcance at 10% level
The relationship of wheat production with variables is speciﬁed
s follows:
heat Production = f (CO2, Temp, Precip, Water, Area, Agr.Credit,
Fertlizers, Techno log y) (3)
This linear combination is transformed into log-linear model
hich would present suitable and proﬁcient outcomes as compared
o the simple linear model.
nWheat = ˇ1 + ˇ2LnCO2 + ˇ3LnTemp + ˇ4LnPrecip + ˇ5LnWater
+ ˇ6LnArea + ˇ7LnAgCr + ˇ8LnFrt + ˇ9LnTech (4)
The speciﬁc form of ARDL model for our study to ﬁnd out the
ong-run relationship among the variables is as follows:
LnWheatt = ˛o +
∑
˛1LnWheatt−i +
∑
˛2LnPrecipt−i +
∑
˛3LnTem
+
∑
˛6LnAreat−i +
∑
˛7LnAgCrt−i +
∑
˛8LnTecht−i +
∑
˛9LnFrtt
Whereas, the short-run dynamics of ARDL model can be found
ia the following equation;
LnWheatt = ˇo +
∑
ˇ1LnWheatt−i +
∑
ˇ2LnPrecipt−i +
∑
ˇ3
+
∑
ˇ5LnWatert−i +
∑
ˇ6LnAreat−i +
∑
ˇ7LnAgCrt−i +
∑
ˇ
.2.1. Bound Testing Procedure:
In ARDL or Bound testing long-run relationship among the
ariables is checked. In ﬁrst step the null hypothesis of no cointegra-
ion H0: 1 = 2 = 3 = 4 = 5 = 6 = 0 among the variables is checked
gainst the alternate hypothesis H1: 1 /= 2 /= 3 /= 4 /= 5 /=
6 /= 0 of cointegration among the variables.
Wald or F-statistic is used to check the signiﬁcance of lagged lev-
ls of the variables in a conditional unrestricted equilibrium error
orrection model [14]. F-stat distribution is non-standard irrespec-
ive of whether the variables are I(0) or I(1) or partially distributed.
Pesaran [14] established two sets of critical values. One set pre-
umes that all the variables are I(0), whereas, other presume all
ariables I(1). These two sets of critical values form a band which
raps all expected categorization of I(0), I(1) or even partially inte-
rated.
The computed Wald or F-statistics values are reconciled with
he critical values proposed by Pesaran [14]. If Fcal > Fu then
ull hypothesis of no-cointegration 1 = 2 = 3 = 4 = 5 = 6 = 0 is
ejected. And conclusive inference on the existence of long-run
elationship among the variables is drawn. However, if computed
alues falls inside the critical values band then inference of incon-
lusive test is drawn. If Fcal > FL then inference of no-cointegration
1 = 2 = 3 = 4 = 5 = 6 = 0 among the variables is accepted.+
∑
˛4LnCO2t−i +
∑
˛5LnWatert−i
(5)
Tempt−i +
∑
ˇ4LnCO2t−i
Techt−i +
∑
ˇ9LnFrtt−i + iECMt−I
(6)
Akike Information Criterion (AIC) and Schwarz Bayesian Crite-
rion (SBC) are used for appropriate lag selection. In this stage the
long-run elasticities 2, 3, 4, 5, 6 are obtained.
2.2.2. CUSUM & CUSUMSQ Test
After conﬁrming long-run relationship among the variables, we
will incorporate cumulative sum (CUSUM) and cumulative sum of
squares (CUSUMSQ) tests developed by Brown [15]. These tests are
used to check the goodness of ﬁt for ARDL as suggested by Pesaran
[11,14]. These tests are incorporated on the residuals of the error
correction model and fabricate results in graphical form. For exis-
tence of the stability the plot of CUSUM and CUSUMQ  have to stay
within the 5% critical band.
3. Estimations, Results and Analyses4
3.1. Unit Root Test Results:
Before incorporating ARDL bound testing approach we test sta-
tionarity of each variable. Bound testing approach necessitate all
the variables to be integrated of I(0) or I(1) or of both nature
for computation of F-statistics. But the condition which binds the
researcher by applying unit root test is that none of the variable
used in the study has to be integrated of order two. Variables inte-
grated of level (2) in bound testing procedure would yield spurious
results.
To check the order of integration of each variable we incorpo-4 PC application Eviews5 and Microsoft Excel worksheet have been used for the
purpose of estimation.
16 P.Z. Janjua et al. / NJAS - Wageningen Journal of Life Sciences 68 (2014) 13– 19
Table  2
Result of the F-test for Cointegration.
Wald Test:
Pesaran et al (1999)a
F-Statistic Degree of Freedom Critical Value Lower Bound Value Upper Bound Value Conclusion
4.640689 (9, 37) 1% 2.76 4.05 Cointegration
5%  2.24 3.39
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change. The scientiﬁc studies show that the impact of CO2 on wheat
production is positive but the extent of this positive impact is still
a question mark.
Table 3
Results of Short-run and Long-run Elasticities.
Dependent Variable: D(LnWheat)
Method: Least Squares
Sample (adjusted): 1961 2009
Included observations: 49 after adjustments
Variable Coefﬁcient Std. Error t-Statistic Prob.
C 0.254926 2.578881 0.098851 0.9218
D(LnArea) 0.388396 0.191196 2.031398 0.0494
D(LnFrt) 0.301153 0.079613 3.782706 0.0005
LnWheat(-1) -0.868308 0.149706 -5.800073 0.0000
LnCO2(-1) 0.106141 0.101231 1.048497 0.3012
LnPrecip(-1) 0.010148 0.044386 0.228639 0.8204
LnTemp(-1) 0.621299 0.457294 1.358641 0.1825
LnWater(-1) 0.430669 0.292390 1.472925 0.1492
LnArea(-1) 0.212342 0.274700 0.772996 0.4444
LnAgCr(-1) 0.003805 0.034275 0.111029 0.9122
LnFrt(-1) 0.174262 0.036908 4.721479 0.0000
LnTech(-1) -0.019566 0.036479 -0.536359 0.5949
R-squared 0.673376 Mean dependent var 0.037064
Adjusted R-squared 0.576271 S.D. dependent var 0.09773410% 
a Critical values are obtained from Pesaran et al (1999), Table C1 (ii)
s stationary at 10% signiﬁcance level. Similarly, PP test shows that
emperature is also stationary at 10% signiﬁcance level. Beside tem-
erature and precipitation all the variables are integrated of order
(1). The absence of I(2) variable corroborates the application of
RDL bound testing technique.
.2. Bound Testing Approach for Cointegration Analysis
To check the long-run relationship among the variables bound
esting approach is applied. In this regard we used equation (5).
e used truncated lag length one as recommended by Akike
nformation Criterion (AIC) and Schwarz Bayesian Criterion (SBC).
oreover, insigniﬁcant variables are eradicated by following the
eneral to speciﬁc methodology.
For equation (5) the null hypothesis of no cointegration
1 = 2 = 3 = 4 = 5 = 6 = 0 is tested against the alternative hypoth-
sis 1 /= 2 /= 3 /= 4 /= 5 /= 6 /= 0 of cointegration among
he variables. The results are reported in Table 2. The results clearly
ndicate that the calculated value of F-stat 4.640689 is greater than
he upper bond values (Fu) of 4.05, 3.39 and 3.08 at 1%, 5% and
0%, respectively. The Fcal > Fu deduce the existence of long run
elationship among the variables.
CUSUM and CUSUMSQ test are applied to corroborate the stabil-
ty of ARDL procedure. The output of the test is given in the graphical
orm. From the ﬁgure 2 and ﬁgure 3 it can be seen that the CUSUM
nd CUSUMSQ lines are overtly in between the critical bound of 5%
igniﬁcance level over time. The output of CUSUM and CUSUMSQ
hows that model is stable.
.3. Short-run and Long-run Elasticities for Wheat Production
The results of the short-run and long-run elasticities are demon-
trated in Table 3. The short-run values of area under wheat
roduction and fertilizers are statistically signiﬁcant. In the short-
un area under the wheat cultivation and fertilizer will play an
mportant role in increasing wheat production. The results show
hat 1% increase in area can increase the wheat production by 0.39%,
hereas, 1% increase in fertilizer can increase the wheat production
y 0.30%.
From the results we can deduce that in the short-run area under
heat production and fertilizers can be the better remedies to
ncrease the wheat production. In short run to give an instant
esponse to any adverse shock to wheat production, one must have
o pay emphasize on area under wheat production and fertilizers.
owever, in the short run we can’t use barren land by convert-
LnWheat = 0.293589 + 0.122239LnCO2 + 0.011687Ln
+0.004382LnAgcr + 0.200691LnFrt − 0.02253LnTechng it to arable land for cultivation of wheat as this whole process
ould require long span of time. In short run we haven’t enough
ime to cope with any adverse shock to wheat production. For this
urpose we have to utilize the area under the cultivation of other.98 3.08
cereal crops for wheat production. In this regard area is having sig-
niﬁcant importance to increase the wheat production. Similarly,
another factor which can also play signiﬁcant role to cope with
any adverse shock to wheat production in short-run is fertilizers.
Fertilizers, which are having the ability to enhance the soil nutri-
tion and soil fertility, can also create considerable positive impact
on wheat production through enhancing the per acre wheat yield.
Therefore, any adverse shock to wheat production can also be cur-
tailed through effective use of fertilizers. Thus, both the factors are
having signiﬁcant positive impact as compare to other variables,
i.e. CO2, precipitation, temperature, water and agricultural credit.
In short-run we  do not perceive any signiﬁcant role of temperature
and CO2 on wheat production.
The long run elasticities for wheat production are presented in
the following equation:
+ 0.715528LnTemp + 0.495986LnWater + 0.244547LnArea
(7)
After re-parameterization of the long-run coefﬁcients the
results are incorporated in the long-run wheat production equa-
tion.
We observe from the Table 3 that t-stat value for CO2 is insigniﬁ-
cant for long-run. From the results we  can deduce that the impact of
CO2 on wheat production in long-run is insigniﬁcant. In long-run
we don’t see any major shift in wheat production due to climateS.E.  of regression 0.063619 Akaike info criterion -2.462904
Sum  squared resid 0.149755 Schwarz criterion -1.999601
Log  likelihood 72.34115 F-statistic 6.934546
Durbin-Watson stat 2.152737 Prob(F-statistic) 0.000003
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The long run t-stat value for precipitation is also insigniﬁcant.
e can infer from this that in long-run the impact of precipita-
ion may  be insigniﬁcant. The geographical rainfall pattern may
hange in consequence of the climate change. This shift in rainfall
s uncertain and the uncertainty in rainfall pattern may  inﬂuence
he pattern of production, but it may  create insigniﬁcant impact on
he overall level of wheat production.
Temperature t-stat value is also insigniﬁcant. In long-run a
mall increase in temperature may  create insigniﬁcant impact on
heat production in this region. As Pakistan is located next to the
ropic region where any increase in temperature due to climate
hange may  not have signiﬁcant impact on agricultural production
f wheat as compared to the tropical regions where temperature is
lready at threshold level.
Similarly, water t-stat value is also insigniﬁcant in long-run.
his insigniﬁcance might be due to the limited availability of water
eservoirs in long-run, until water reservoir management is sig-
iﬁcantly improved. Agricultural credit is also having insigniﬁcant
-stat value for long-run. This insigniﬁcance may  also be due to the
Fig. 3. Plot of CUSUMSQ for Coefﬁcits Stability for ARDL Model.
ineffective mechanism and distribution of agricultural credit to the
farmers.
Area’s long-run t-stat value is also insigniﬁcant. We  can infer
that area under wheat cultivation is substantial as compared to
other major crops and any major increase in area under wheat cul-
tivation may  not be possible in future. Thus, we do not expect any
visible contribution of area towards increase in wheat production
in long-run.
In  the long run fertilizers is only variable having signiﬁcant t-stat
value which is 4.721479. After re-parameterization the coefﬁcient
value of fertilizers becomes 0.200691. From this we can infer that
1% increase in fertilizers may  cause to increase the wheat produc-
tion by 0.20%. Fertilizers have dual effect. First they enhance the
land fertility and second they increase the growth of plants. Fertil-
izers in long-run would increase the available land fertility causing
to increase the agricultural production. Farmers of this region use
natural as well as chemical fertilizers to increase the fertility of land.
Hence for this region fertilizers may  play important role to increase
the wheat production.
ents Stability for ARDL Model.
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Fig. 4. Plot of CUSUM for Coefﬁcients Stability for ECM.
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Table 4
Error Correction Model Results.
Dependent Variable: D(LnWheat)
Method: Least Squares
Sample (adjusted): 1961 2009
Included observations: 49 after adjustments
Variable Coefﬁcient Std. Error t-Statistic Prob.
C 0.002382 0.010081 0.236246 0.8143
D(LnArea) 0.379902 0.119316 3.183994 0.0026
D(LnFrt) 0.296373 0.055634 5.327232 0.0000
ECM(-1) -0.874946 0.123992 -7.056457 0.0000
R-squared 0.669919 Mean dependent var 0.037064
Adjusted R-squared 0.647914 S.D. dependent var 0.097734
S.E.  of regression 0.057992 Akaike info criterion -2.778908
Sum squared resid 0.151339 Schwarz criterion -2.624473Fig. 5. Plot of CUSUMSQ fo
The t-stat value for technology is insigniﬁcant. The insigniﬁ-
ance of the technology shows that the technology adaptation is
ot frequent for this region. Farmers here are not well equipped
egarding new technology. They mostly rely on old method of cul-
ivation because of which it may  have insigniﬁcant long-run impact
n the wheat production. Lack of education and farmer’s poor con-
ition are also major reason for adopting new technology. Besides
hese factors lack of technology transfer is also a reason to create
ny signiﬁcant impact on wheat production in long-run.
In long-run we do not observe any signiﬁcant positive or neg-
tive impact of climate change factors, e.g. temperature, CO2 and
recipitation, on the production of wheat in Pakistan.
.4. ARDL-Error Correction Model (ECM)The dynamic results of the error correction model are reported
n Table 4. The coefﬁcient sign of ECM term is negative and sig-
iﬁcant. The higher value of ECM shows fast adjustment process.
Log likelihood 72.08324 F-statistic 30.44342
Durbin-Watson stat 2.117215 Prob(F-statistic) 0.000000
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rom the results we can infer that the value of ECM term neces-
itates that change in wheat production from short run to long
pan of time is corrected by almost 87% each year with high sig-
iﬁcance. Thus disequilibrium occurring due to a shock will take
lightly more than a year to attain the equilibrium. The results show
hat any negative shock to wheat production in short-run will be
djusted by area and fertilizers. Consequently, area and fertilizers
ill play an important role to absorb any negative shock to wheat
roduction.
To check the stability of the ECM we incorporated CUSUM and
USUMSQ tests. The results of the tests are presented in graphical
orm. The ﬁgure 4 and ﬁgure 5 demonstrate that the CUSUM and
USUMSQ lines are within the critical band of 5% signiﬁcance level
ver time. The graphical results conﬁrm that ECM model is stable
n our case.
. Conclusion and Recommendations
Wheat is main food crop of Pakistan. The objective of this study
s that whether the newly emerging threat of climatic change is
nﬂuencing the level of wheat production in Pakistan or not. For
his purpose the Autoregressive Distributed Lag (ARDL) model is
sed in this study in order to check the impact of climate change
n wheat production in Pakistan. The study used data of the last
alf century. The results of historical data estimation revealed that
p to now there is no short-run and long-run impact of climate
hange variables on wheat production in Pakistan. However, in
hort run land under wheat cultivation and fertilizers could play
mportant role to offset any kind of negative shock to wheat produc-
ion. Whereas, the long-run results revealed that fertilizers would
e the only remedy to counter any deﬁciency of wheat produc-
ion.
Keeping in view the results following adaptation strategies are
uggested in case of any adverse shock to wheat sector;
 Government is required to promote the culture and mechanism
of research and development to secure food for its population. In
this regard new fertilizers are needed to be produced.
 In order to avoid the problem of food insecurity of wheat in future
due to any adverse shock, the government may have to promote
farmers by offering them fertilizers at subsidized prices. Government is required to increase the arable land area by
offering the government owned virgin land area and commu-
nal/undivided land area to the deserving farmers/landowners on
lease/ownership basis.
[
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